SUMMARY The diagnostic echocardiographic features of transposition of the great arteries have been described as (1) abnormal great vessel relations, (2) reversed systolic time intervals. The former has been shown to be unreliable and the systolic time intervals have not been critically evaluated in the neonate.
Methods
Echocardiograms were performed with an S.K.I. Eckoline echocardiograph using a 5 MHz 6 mm unfocused transducer. The tracings were made on ultra-violet sensitive paper at 100 mm/s, with a
Honeywell recorder for systolic time intervals and at 50 mm/s for "sweeps" to determine the presence of structures and their relations. Systolic time intervals were calculated in the standard manner.9 The preejection period was measured from the onset of the Q wave to semilunar valve opening and the ejection time from the opening to the closure of the semilunar valve. The total duration of electromechanical systole was measured from the onset of the Q wave to valve closure and was the sum of pre-ejection period and ejection time. Five cardiac cycles were used and the mean of each value was taken to the nearest 5 ms. When the values of any of the measured indices were equal, they were considered non-diagnostic and therefore "negative". This rule was also applied for specificity and predictive accuracy. For specificity, the reverse had to hold true, that is for a true negative, the anterior had to be shorter than the posterior preejection period, the anterior had to exceed the posterior ejection time and electromechanical systole, respectively, and the ratio of anterior had to be less than that of posterior pre-ejection period/ejection time. The predictive'accuracy was derived from a combination of true and false positives as defined. In an attempt to combine these two echo diagnostic criteria to imnprove their accuracy, linear discriminant analysis was used. The great vessel relation was coded for one of the above positions and the difference between the anterior and posterior root pre-ejection period, ejection time, electromechanical systole, and ratio of pre-ejection period/ejection time used to arrive at the most accurate discriminant combination of these (Table 2 ). For this, the magnitude of the difference in systolic time intervals was taken into account, unlike the simple derivation of sensitivity, specificity, and predictive accuracy.
Results
There was no dlifference in the mean birthweights, age, and P02 of the two groups. In case 15, the blood sample for the Po2 of 77 torr was obtained just before cardiac assessment. Cases 8 and 9 were extremely acidotic with a pH of less than 7-0 and both received large doses of sodium bicarbonate.
The echo results for pre-ejection period, ejection time, electromechanical systole, and the ratio of preejection period/ejection time are shown in Table 1 . The mean results of the systolic time intervals for groups 1 and 2 were not different when the "anterior" root or ".posterior"~root were compared between the two groups.
RELATION OF GREAT VESSELS
In cases 7, 9, and 11 doubt was expressed about the great vessel relation and the position in these patients was therefore classed as "non-diagnostic". All three had systolic time intervals which were reversed, but at catheterisation case 11I was found to have persistent fetal circulation and not transposition of the great arteries. This was the only patient in group 2 who underwent diagnostic cardiac catheterisation. The sensitivity, specificity, and predictive accuracy were 78%, 8-7-5%, and 87-5%, respectively (Table 3) .
SYSTOLIC TIME INTERVALS
Reversal of systolic time intervals was frequently found in group 1 and the sensitivity of this finding was high (89%). This is shown in stenosis. The great vessel orientation was typical for transposition of the great arteries.
Patients in group 2 also showed reversal of systolic time intervals. The "anterior root" pre-ejection period was equal to or greater than the posterior root preejection period in all cases. Similarly, the relation ofthe anterior to the posterior root ejection time, electromechanical systole, and pre-ejectior' reriod/ejection time, respectively, would be compatible with the diagnosis of transposition ofthe great arteries in most cases, thus making the test non-specific. The predictive accuracy for these individual findings varied from 50 to 66% as shown in Table 4 .
Using discriminant analysis, the following formula was obtained which would have correctly classified all of the patients.
+[31-584xVessel] -[1-609AET] + [1(674AQS2] -[128-681APEP/ET] -7-921
If the result was greater than zero the diagnosis was transposition of the great arteries and if less than zero, the diagnosis was pulmonary disease.
This study was designed to assess the reliability of systolic time intervals in the diagnosis of transposition of the great arteries in the newborn period, when the acutely ill cyanotic neonate is at the greatest risk. Previously published work has stressed the abnormal relation of the great vessels in transposition.2 The anterior root semi-lunar valve is found medially and superiorly while the posterior root semi-lunar valve is lateral and posterior. Unfortunately, there is normally some variation in the great vessel relations in transposition of the great arteries. In 33% of patients there is an anteroposterior relation of the great vessels, with the aorta higher and anterior to the pulmonary artery. " The normal newborn has a relatively larger and more medially placed pulmonary artery than an older child. 2 Thus, the great vessels are closer together and may be almost in an anteroposterior relation in the normal newborn. Therefore, it is not surprising that in a recent study of the contribution of echocardiographs in the diagnosis oftransposition, the arterial root position was diagnostic in only 80% of cases, and inconclusive or misleading in 20%. "' Our findings were similar, with seven out of nine patients with abnormal great vessel relations in whom the diagnosis could be made with confidence and two in whom it could not.
Earlier reports of the use of echo in the cyanosed newborn have mentioned the use of systolic time intervals to add further diagnostic accuracy but have not systematically assessed this."7'0 The standard values for systolic time intervals in transposition of the great arteries were measured in children aged 1 month to 7 years.9 In that study, the systemic always exceeded the pulmonary ventricular pre-ejection period, the right ventricular was shorter than the left ventricular ejection time, and the left ventricular electromechanical systole generally, but not always, exceeded the right ventricular electromechanical systole. The ratio of ventricular pre-ejection period/ejection time was greater on the right than on the left and ratios of left ventricular/right ventricular ejection time (1I 22) and left ventricular/right ventricular pre-ejection period (0 55) were characteristic for transposition of the great arteries. These results were consistent with the systolic time intervals normally observed in the systemic versus the pulmonary circulation in older children and adults with normal pulmonary vascular resistance and myocardial contractility.9'1'5 In the neonate, with transitional circulation, these factors are variable and the rate of fall of the pulmonary vascular resistance in the neonate with transposition may be delayed.'6 17 A recent echocardiographic study of the systolic time intervals in neonates with respiratory disease or transposition confirmed the variability of systolic time intervals in the latter, which we have also found. 8
Reversed systolic time intervals were seen in most of our patients with transposition. The majority showed a longer right ventricular/pre-ejection period (89%), a shorter right ventricular ejection time (89%), and the ratio of the right ventricular pre-ejection period/ ejection time larger than the left ventricular one (89%). In case 8, however, this was not the case and though the patient was severely acidotic, circulatory collapse had not occurred. The systolic time intervals on the pulmonary side truly reflected the haemodynamics found at cardiac catheterisation with a suprasystemic left ventricular pressure. Thus, the pulmonary vascular resistance in transposition has the same capacity to remain high as in persistent fetal circulation and in fact many neonates with simple transposition have near systemic pulmonary artery pressures if catheterised in the first few days of life.920 The presence of a ventricular septal defect may also retard the fall in left ventricular pressure. In this study, the left ventricular pre-ejection period/ejection time was not necessarily below 0-30, as was suggested by Riggs et al. 6 In the acidotic, asphyxiated, and cyanosed neonate with persistent fetal circulation raised pulmonary arterial pressures may be reflected by changes in the systolic time intervals similar to those found in this study.'6 Riggs et al. studied neonates with persistent fetal circulation and showed a right ventricular preejection period longer than the left and a right ventricular ejection time shorter than the left; the ratio of pre-ejection period/ejection time was 0-6 for the right ventricle and 0-48 for the left. These ratios were larger than we found but the direction of change was similar. Gutgesell et al. '8 found similar values for transposition but also noted reversal of systolic time intervals in almost all the patients with respiratory disease, as we did. Thus, such reversal is not specific; the left ventricular pre-ejection period was greater in none of the cases, left ventricular ejection time was shorter in 25%, left ventricular electromechanical systole was shorter in 50%, and the ratio of the posterior pre-ejection period/ejection time was larger in 12-5%.
In the preceding discussion, the correctness of diagnosis between transposition of the great arteries and persistent fetal circulation has been assumed, but when the clinician is faced with the echocardiogram of an undiagnosed cyanotic newborn the great vessels may only be designated "anterior" or "posterior", as has been done in this study. Based on the position of the vessels, the assumption that an artery is pulmonary or systemic may be erroneous. In this situation, it is important to know the sensitivity, specificity, and predictive accuracy ofthe systolic time intervals, rather than the mean values for the two ventricles. Using the criteria, previously published, for transposition, the sensitivity of systolic time interval reversal at the anterior root was very high (89%), but specificity ranged from 0 to 50% (Table 4) . Thus, many patients who did not have transposition had systolic time intervals diagnostic for this condition, understandable in the light of the haemodynamic changes in persistent fetal circulation. The predictive accuracy ofthe systolic time intervals ranged from 50 to 60%.
Thus the use ofsystolic time intervals alone would by these criteria overdiagnose transposition. Few cases would be missed but many neonates with respiratory problems would be catheterised, and we do not advocate this. In our study, we catheterised only one patient with persistent fetal circulation because our echocardiographic criterion to proceed to catheterisation has been simply doubt about the relation ofthe two great vessels in the presence of cyanosis. The diagnosis of transposition requires both clinical and laboratory investigations, including echocardiography, at which time both the great vessel orientation and systolic time intervals must be taken into consideration. Though discriminant analysis produced a cumbersome formula, its use would have increased the diagnostic accuracy to 100% but the numbers of patients in the study were small and the formula was derived retrospectively. The logical step now would be to perform a prospective study to assess its reliability. Until this has been done, catheterisation must not be delayed in doubtful cases.
Of course, the use of contrast echocardiography may now enhance the diagnostic accuracy of M-mode echocardiography with the suprasternal approach.2' Twodimensional echocardiography has also simplified the diagnosis of transposition.2223 
